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1. Introduction 

The purpose of this research is to gain a better understanding of the biochemical 
pathways and molecular targets for the selective induction of apoptosis signaling and execution 
of PCa cells by methyl Se/selenol. We hypothesized that methyl Se/selenol inhibits PI3K-AKT 
survival pathway leading to the activation of caspase-dependent apoptosis execution in PCa 
cells.  The specific aims are to delineate the caspase-mediated execution pathways of apoptosis 
(Objective 1) and to critically test the role of PI3K-AKT survival pathway in apoptosis signaling 
(Objective 2) induced by methyl Se/selenol.  

 
STATEMENT OF WORK  
 
Objective 1:  To define the generalizability and specific features of the caspase-mediated 

apoptosis execution pathway(s) triggered by methyl Se/selenol pool in PCa cell lines of different 
androgen dependence and malignancy states. 

 
Test essentiality of caspases and cell detachment for apoptosis induction by methyl 

Se/selenol in LNCaP, PC-3 and PrEC cells.   Correlate PTEN and AKT status with apoptosis 
sensitivity to methyl Se/selenol.    

Delineate caspase cascades invoked by methyl Se/selenol with caspase inhibitors.   Test 
role of mitochondria for apoptosis signaling induced by methyl Se/selenol.   

 
 
Objective 2:  To critically test the mediator role of AKT inhibition as an upstream 

signaling pathway for methyl Se/selenol-induced PCa apoptosis 
 
Test effects of PI3K inhibitors LY294001 and wortmannin alone or in combination with 

methyl Se/selenol on apoptosis signaling and  execution in DU145 and other PCA cells. 
Restore AKT activity in stable transfectants of a constitutively-active AKT (AKT*) in 

DU145 cells.   Select for 3 clones expressing low, moderate and high level of the transgene.   
Compare their apoptosis responses to methyl Se/selenol with vector transfectants 

(control) in dose response and time course experiments.   
 

 
2. Key accomplishments 
 
2.1  We have in the current reporting period continued experiments related to both approved 
objectives above.   Key results have been published in Carcinogenesis 2005 (See reprint, 
Appendix 1).   Detailed discussion of these accomplishments has been described in the revised 
and updated progress report for 2004 (submitted in June 2005). 

 
 

2.2  During the execution of the experiments related to these two objectives, we have discovered 
and pursued a novel activity of methylselenium for specific potentiation of apoptosis potency of 
several chemotherapeutic drugs as a chemosensitizer.  This has significant implications for 
improving the chemotherapy of androgen-independent PCa by selenium.   The results have been 
published in Clin Cancer Res, 2005 and highlighted below. 
 
Purpose:  To test whether and how selenium enhances the apoptosis potency of selected 
chemotherapeutic drugs in prostate cancer (PCA) cells.    
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Experimental Design:   DU145 and PC3 human androgen-independent PCA cells were exposed 
to minimal apoptotic doses of selenium (compared MSeA with Selenite) and/or the 
topoisomerase I inhibitor 7-ethyl-10-hydroxycamptothecin (SN38), the topoisomerase II 
inhibitor etoposide or the microtubule inhibitor paclitaxel/taxol.   Apoptosis was measured by 
ELISA for histone-associated DNA fragments, by flow cytometric analysis of sub-G1 fraction, 
and by immunoblot analysis of cleaved poly(ADP-ribose)polymerase (PARP).  Pharmacologic 
inhibitors were used to manipulate caspases and c-Jun-N-terminal kinases (JNK).    
 
Results:   The methylselenol precursor methylseleninic acid (MSeA) increased the apoptosis 
potency of SN38, etoposide or paclitaxel by several folds higher than the expected sum of the 
apoptosis induced by MSeA and each drug alone (See reprint 2, Figure 1).  The combination 
treatment did not further enhance JNK1/2 phosphorylation that was induced by each drug in 
DU145 cells (Figure 3).  The JNK inhibitor SP600125 substantially decreased the activation of 
caspases and apoptosis induced by MSeA combination with SN38 (Fig. 4) or etoposide (Fig. 5A) 
and completely blocked these events induced by MSeA/paclitaxel (Fig. 5C) .   The caspase-8 
inhibitor zIETDfmk completely abolished apoptosis and caspase-9 and caspase-3 cleavage, 
whereas the caspase-9 inhibitor zLEHDfmk significantly decreased caspase-3 cleavage and 
apoptosis but had no effect on caspase-8 cleavage (Figure 5).  None of these caspase inhibitors 
abolished JNK1/2 phosphorylation.  A JNK-independent suppression of survivin by SN38 and 
etoposide, but not by paclitaxel, was also observed (Figure 6).   In contrast to MSeA, selenite 
did not show any enhancing effect on the apoptosis induced by these drugs (Figure 1).     
 
These results indicate that MSeA enhanced apoptosis induced by cancer therapeutic drugs in 
androgen-independent PCA cells.  In DU145 cells, the enhancing effect was primarily through 
interactions between MSeA and JNK-dependent targets to amplify the caspase-8-initiated 
activation cascades.  The results suggest a novel use of methyl selenium for improving the 
chemotherapy of PCA through increasing caspase activities.  
 
Hormone refractory PCa are not sensitive to most chemotherapeutic drugs in patients.   If 
methylselenium can indeed make these cancers more responding to existing drugs, then we can 
anticipate to improve clinical care of patients.  
  
3. Reportable outcomes 
 
Peer reviewed Publications 
 
Hongbo Hu, Cheng Jiang, Guangxun Li and Junxuan Lü:  PKB/AKT and ERK regulation of 
caspase-mediated apoptosis by methylseleninic acid in LNCaP prostate cancer cells.  
Carcinogenesis 2005 26(8):1374-1381.  
  
Hongbo Hu, Cheng Jiang, Clement Ip,  Youcef M. Rustum, and Junxuan Lü.  Methylseleninic 
acid potentiates apoptosis induced by chemotherapeutic drugs in androgen independent prostate 
cancer cells.  Clin Cancer Res. 2005 11:2379-2388. 
 
Lu J, Jiang C.  Selenium and cancer chemoprevention: hypotheses integrating the actions of 
selenoproteins and selenium metabolites in epithelial and non-epithelial target cells.  Antioxid 
Redox Signal. 2005 Nov-Dec; 7(11-12):1715-27.  Invited review. 
 
 
 
 



                                                                                                                         

 6 
 

4. Conclusions 
 
Work conducted during this current reporting period has further strengthened the specific 

role of AKT pathway in modulating methyl  Se induced caspase-mediated death, leading to the 
inference that this survival protein kinase may be a key determinant of chemopreventive and 
therapeutic efficacy of methyl Se.    

Furthermore, we established caspase-activation as an important pathway for 
methylselenium to potentiate chemotherapeutic drug efficacy in androgen independent PCa cells.    
This chemosensitizer activity of selenium is expected to improve quality of life of cancer patients 
because of increased efficacy and reduced dosage needed. 

      
In the next year, we would like to define the early signaling mechanisms induced by 

methylselenium for apoptosis and how and through what targets AKT regulates death signaling.  
We would also like to investigate the role of AKT pathway in the regulating the ability of 
methylselenium to enhance drug-induced apoptosis.    Such mechanistic pursuit will lay the 
ground work for in vivo validation studies in the future.   In vivo validation is a critical step 
towards the eventual translation of our findings to the bedside.       
 
5. Appendices 
 
1. Hongbo Hu, Cheng Jiang, Guangxun Li and Junxuan Lü:  PKB/AKT and ERK regulation of 
caspase-mediated apoptosis by methylseleninic acid in LNCaP prostate cancer cells.  
Carcinogenesis 2005 26(8):1374-1381.   
 
2. Hu H, Jiang C, Ip C, Rustum YM, Lu J.   Methylseleninic acid potentiates apoptosis induced 
by chemotherapeutic drugs in androgen-independent prostate cancer cells. Clin Cancer Res. 
2005 11(6):2379-88.
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